. T o r b e r t * a n d D . W . R e e v e s is a good choice for cotton production in the sandy soils o f t h e S o u t h e a s t ( T o u c h t o n a n d R e e v e s , 1 9 8 8 ) .
H . A . T o r b e r t * a n d D . W . R e e v e s is a good choice for cotton production in the sandy soils o f t h e S o u t h e a s t ( T o u c h t o n a n d R e e v e s , 1 9 8 8 ) .
Controlled traffic has also been studied as a means of p r e v e n t i n g s o i l c o m p a c t i o n a n d t h e f o r m a t i o n o f h a r d pans. with a beneficial effect being reported for cotton p r o d u c t i o n ( D u m a s e t a l . , 1 9 7 3 ; W i l l i f o r d , 1 9 8 2 ) . R e s e a r c h o n c o n t r o l l e d t r a f f i c , h o w e v e r , h a s f o c u s e d o n conventional tillage systems. There is a need to investi g a t e t h e i n t e r a c t i o n s o f c o n s e r v a t i o n c r o p p i n g s y s t e m s w i t h t r a f f i c , a s r e c e n t r e s e a r c h i n d i c a t e s t h e s e s y s t e m s may withstand the effects of traffic better than conven tional tillage systems (Reeves et al., 1992) .
P a r t o f t h e e f f e c t s o f b o t h t i l l a g e s y s t e m s a n d s o i l c o m p a c t i o n o n c r o p p r o d u c t i o n m a y d e r i v e f r o m t h e i r
influence on N dynamics in the plant-soil system. Conser vation tillage has been reported to increase N leaching (Tyler and Thomas, 1977) , N denitrification (Olson et al., 1 9 7 9 ; G i l l i a m a n d H o y t , 1 9 8 7 ) . a n d N i m m o b i l i z a t i o n ( G i l l i a m a n d H o y t , 1 9 8 7 ) . S o i l c o m p a c t i o n d e c r e a s e s plant N uptake (Castillo et al., 1982; Garcia et al., 1988) , increases N losses through denitrification (Bakken et al., 1 9 8 7 ; T o r b e r t a n d W o o d , 1 9 9 2 ) , a n d a f f e c t s N a p p l i c a tion efficiency (Jenkinson et al., 1985) .
S
The interaction of tillage systems and soil compaction c a u s e d b y t r a f f i c o n N r e q u i r e m e n t s f o r c o t t o n h a s n o t b e e n s t u d i e d . T h e o b j e c t i v e o f t h i s e x p e r i m e n t w a s t o O I L C O M P A C T I O N a n d t h e f o r m a t i o n o f t i l l a g e p a n s determine the effect of traffic and tillage systems, includ has been recognized as a problem for crop production i n g a s t r i p -t i l l s y s t e m , o n y i e l d a n d N r e q u i r e m e n t f o r in the sandy Coastal Plain soils of the Southeast (Håkans-c o t t o n p r o d u c t i o n .
s o n e t a l . , 1 9 8 8 ; M c C o n n e l l a n d F r i z z e l l , 1 9 8 9 ; R e e v e s et al., 1992), including limitations for cotton production
M A T E R I A L S A N D M E T H O D S
( T o u c h t o n a n d R e e v e s , 1 9 8 8 ; M c C o n n e l l a n d F r i z z e l l , A field study was initiated in June 1987 at the Alabama 1989). There are a number of methods aimed at alleviatAgricultural Experiment Station, E.V. Smith Research Center, ing soil compaction, including deep plowing, subsoiling, S h o r t e r . A L ( 3 2°2 4 ' N , 8 5 º 5 4 ' W ) , i n c o o p e r a t i o n w i t h t h e c h i s e l i n g , a n d c r o p r o t a t i o n ( B o w e n , 1 9 8 1 ) . b u t s o m e USDA-ARS National Soil Dynamics Laboratory This study form of deep tillage is most commonly used.
utilized a wide-frame tractive vehicle (WFTV) designed to Methods of alleviating soil compaction also have been allow 6.1-m-wide, untrafficked research plots. A detailed deIncorporated into conservation tillage systems. Strip tillscription of the vehicle and its capabilities has been published a g e f o r e x a m p l e , i s a c o n s e r v a t i o n t i l l a g e s y s t e m t h a t by Monroe and Bun (1989) and Reeves et al. (1992) . The WFTV allows implementation of various tillage systems in a combines deep tillage with limited disturbance of surface no-traffic environment. r e s i d u e s b y p e r f o r m i n g i n -r o w s u b s o i l i n g a t p l a n t i n g .
Cotton, McNair 220, was grown in a double-cropping system Because of its ability to both relieve subsoil compaction with Coker 9733 wheat. The development of early-maturing and maintain crop residues on the soil surface, strip-till cotton and wheat cultivars has made wheat-cotton double cropping a feasible alternative in the southeastern USA (Baker. 1987) . Figure 1 Table 1 . As com monly found in these soils, the site had a well-developed gto 15-cm-thick hardpan from 20 to 30 cm deep. To reduce variation, a uniform hardpan was formed at a depth of 20 cm by running a motor grader repeatedly in plowed furrows incrementally across the experiment site. Recommended cul tural practices for insect and weed control were used on all plots throughout the growing season for both crops. The experimental design was a split plot with four replica tions. Main plots (6.1 m wide and 182.9 m long) were: (i) conventional traffic and (ii) no traffic. Main plots were split into subplots (37 m long) of tillage systems applied to cotton: (i) complete surface tillage without subsoiling (surface-only), (ii) complete surface tillage and annual in-row subsoiling to 40-cm depth (subsoil), (iii) complete surface tillage with one time-only complete disruption of the tillage pan (complete). and (iv) no surface tillage but planted with in-row subsoiling (strip-till). Complete surface tillage consisted of disking, chisel plowing (20-cm depth), disking, and field cultivation. The one-time-only complete disruption of the tillage pan was accom plished by subsoiling to a 50-cm depth on 25-cm centers, using a V-ripper in November 1987. The one-time-only complete disruption of the hardpan was included to examine the effect of recompaction of the subsoil, with and without traffic. The strip-tilled cotton was planted into wheat stubble with an in-row subsoiler planter. Subplot tillage treatments were imposed on cotton only, with the complete complement of tillage treatments first Imposed during the 1988 growing season.
All operations were performed with the WFTV. On the conventionally trafficked plots, a 4440 John Deere tractor 1 (4.6 t with 470 by 970 mm tires inflated to an average pressure of 125 kPa) was driven through the plots to simulate traffic that would have been applied with each operation. Traffic patterns followed those expected with four-row equipment, with random patterns used to simulate preparation and planting operations for wheat and uniform patterns used for operations performed during the cotton growing season.
Cotton was planted in eight 76-cm rows, at 222000 seed ha -1 as close to 1 June as possible. After the cotton was harvested, all plots were disked and planted to wheat with a 3-m-wide drill with 10-cm drill spacing. In 1990 and 1991, research was conducted to evaluate N dynamics in this tillage-traffic study. The tillage subplots were split into sub-subplots (8.7 m long) of four N rates (0, 45, 90, and 135 kg N ha -1 ), creating a split-split plot design. Nitrogen was applied as NH 4 NO 3 at 22 kg N ha -1 at planting and the remaining fertilizer was applied at first square. In addition, in three of the replications, 1 5 N-depleted NH 4 NO 3 was applied to a 2.4 by 3 m microplot inside each tillagetraffic treatment for the 90 kg N ha -1 treatment plots only. In addition, regression analysis was performed for treatment effects with significant N application rate interactions at the 0.10 probability level.
RESULTS AND DISCUSSION
Cotton Yield Components D a t a f o r t h e 1 9 9 0 a n d 1 9 9 1 g r o w i n g s e a s o n s o n l y a r e r e p o t t e d . W e a t h e r c o n d i t i o n s w e r e e x c e p t i o n a l d u r i n g both the 1990 and the 1991 cotton growing seasons. The 1990 growing season had the lowest rainfall total in 100 y r , w h i l e 1 9 9 1 h a d t h e h i g h e s t r a i n f a l l t o t a l s ( F i g . 2 ) . T h e c o n d i t i o n s p r o d u c e d d r a s t i c a l l y d i f f e r e n t g r o w i n g conditions in which to evaluate cotton production as it is affected by traffic and tillage.
D u r i n g t h e 1 9 9 0 g r o w i n g s e a s o n , c o t t o n p l a n t s w e r e under water stress throughout most of the growing season (Fig. 2 , 23-cm total rainfall during growing season). In this year, both cotton stalk and total biomass significantly i n c r e a s e d w i t h i n c r e a s i n g f e r t i l i z e r N a p p l i c a t i o n r a t e (averaged across all tillage and traffic treatments) ( Table  2 . L i n t p e r c e n t a g e w a s also affected by N rate, decreasing with increasing fertil izer N application (data not shown). Similar reductions i n t h e l i n t p e r c e n t a g e d u e t o i n c r e a s e d N l e v e l s h a v e been repotted by Perkins and Douglas (1965) . Nitrogen availability does not restrict growth of lint as much as other yield components because there is very little N in c o t t o n l i n t . T h u s , l i n t p r o d u c t i o n m a y n o t b e l i m i t e d of row. and stalk samples were taken from 3 m of row. Stalk u n d e r c o n d i t i o n s w h e r e N a v a i l a b i l i t y w o u l d o t h e r w i s e and cotton samples were collected from 3 m of row within the microplots installed in the 90 kg N ha -1 sub-subplots. The l i m i t p l a n t g r o w t h a n d s e e d m a s s . I n t h i s y e a r , t h e i n c r e a s e i n b i o m a s s w i t h i n c r e a s i n g N a p p l i c a t i o n w a s cotton and stalk samples were dried at 65°C (until weight loss c o u n t e r t o t h e d e c r e a s e i n t h e l i n t p e r c e n t a g e . C o n s e was complete) and cotton samples were ginned to separate quently, no significant difference was observed for lint seed from lint.
Soil cores were collected from within both microplots to a p r o d u c t i o n w i t h r e g a r d t o N r a t e ( T a b l e 2 ) .
depth of 90 cm. Cores were sectioned into 0-to 15-, 15-to I n 1 9 9 0 , s i g n i f i c a n t t r a f f i c x N r a t e a n d t r a f f i c x 30-, 30-to 60-, and 60-to 90-cm increments and frozen t i l l a g e x N r a t e i n t e r a c t i o n s w e r e o b s e r v e d f o r l i n t immediately for transport to the laboratory The total N content p e r c e n t a g e ( T a b l e 2 ) . H o w e v e r , d i f f e r e n c e s w e r e s m a l l of both plant and soil samples was determined using a permana n d c o n s i d e r e d t o b -e o f n o p r a c t i c a l i m p o r t a n c e . I n ganate-reduced Fe modification of a semimicro-Kjeldahl addition, no significant interactions between N applica method (Bremner and Mulvaney, 1982) . Distillates were contion and tillage or traffic treatments were observed for centrated for isotope-ratio analyses, which were performed as other yield components. This indicates that the beneficial described by Mulvaney et al. (1990) , using an automated mass response of cotton to fertilizer N was limited under the spectrometer (Nuclide Model 3-60-RMS, Measurement and Analysis Systems, Bellefonte, PA). e x t r e m e l y d r y g r o w i n g c o n d i t i o n s .
Soil bulk density. used in calculationof fertilizer N recovery, In 1990, traffic had a positive effect on cotton produc was determined for each plot from intact soil cores collected t i o n . W h i l e t o t a l c o t t o n b i o m a s s w a s n o t s i g n i f i c a n t l y to a depth of 90 cm. Soil bulk density and soil strength data a f f e c t e d b y t r a f f i c , b o t h s e e d a n d l i n t p r o d u c t i o n w e r e from this experiment were reported by Raper et al. (1992) .
lower in the no-traffic treatment than under conventional
The term fertilizer N is used to reflect N added to the plant-soil traffic (Tables 2 and 3) , with 1500 vs. 1360 kg seed cotton system through fertilizer application. The term total fertilizer N h a -1 p r o d u c t i o n f o r t r a f f i c a n d n o -t r a f f i c . r e s p e c t i v e l y . recovery is used to reflect fertilizer N recovered in the total Cotton seed production was higher with traffic (855 kg plant-soil system. The term plant fertilizer N uptake efficiency h a -' ) t h a n w i t h n o -t r a f f i c ( 7 9 3 k g h a -' ) . I t i s b e l i e v e d is used to reflect differences in plant use of applied fertilizer N and was calculated by 15 N in plant/ 15 N applied. Data was that cotton plants grown under the traffic treatment beanalyzed using ANOVA procedures and means were separated came water stressed earlier in the growing season, prousing a protected LSD at the 0.10 probability level (SAS d u c i n g s m a l l e r p l a n t s . A s a r e s u l t , t h e s m a l l e r p l a n t s Institute, 1982) . The term trend is used to designate appreciable were able to partition more resources into the production nonsignificant treatment effects with probability levels >0. overwhelmed differences between tillage treatments, re s u l t i n g i n n o s i g n i f i c a n t t i l l a g e e f f e c t s o r i n t e r a c t i o n s between tillage and traffic observed for yield components ( T a b l e 2 ) . I n 1 9 9 1 , a b o v e -n o r m a l r a i n f a l l o c c u r r e d d u r i n g t h e cotton growing season (Fig. 2, 35 -cm total rainfall during growing season). In this year, N application significantly affected cotton seed, stalk, lint, and total biomass produc t i o n ( T a b l e 2 ) . T h e r e w a s a s i g n i f i c a n t t i l l a g e x N r a t e interaction for both cotton seed and lint production and a traffic x N rate interaction for cotton stalk and total b i o m a s s ( T a b l e 2 ) .
In surface-only and strip-till treatments, a quadratic r e s p o n s e t o N a p p l i c a t i o n f o r s e e d a n d l i n t p r o d u c t i o n w a s o b s e r v e d , w i t h t h e r e s p o n s e t o N b e i n g g r e a t e r i n the strip-till treatment (Table 4 and Fig. 3 ). This indicated that N limited production at the lower rates of N applica tion for these two tillage treatments, but that strip-tilled cotton better utilized N applied as fertilizer, most likely due to better soil moisture conditions (data not shown).
A s i n 1 9 9 0 , t h e c o t t o n l i n t p e r c e n t a g e f o r 1 9 9 1 d e creased with increasing fertilizer N application, with a d e c r e a s e f r o m 4 0 . 9 t o 4 0 . 1 % f o r 0 a n d 1 3 5 k g N h a -1 , respectively. In this year, however, the increased growth in response to N application resulted in higher lint yield e v e n t h o u g h t h e p e r c e n t a g e o f d r y m a t t e r g o i n g t o l i n t was reduced. In addition, a significant traffic x tillage i n t e r a c t i o n w a s o b s e r v e d f o r l i n t p e r c e n t a g e i n 1 9 9 1 , with traffic increasing the lint percentage in the surfaceonly and strip-till treatments; the effect was much greater in the surface-only tillage treatment (Table 5 ). In 1991, tillage system affected cotton yield compo nents. In this year, strip-till significantly increased seed, seed cotton, stalk, and total biomass compared with the other tillage treatments (Tables 2 and 6 ). Lint yield was also higher in the strip-till treatment than complete and s u b s o i l t i l l a g e t r e a t m e n t s . b u t w a s n o t s i g n i f i c a n t l y different than in the surface-only tillage treatment. This was due to a higher lint percentage for the surface-only tillage than the strip-till treatment (Table 5 ) and partially offset the beneficial effect of strip-till on cotton yield.
Strip-till produced more total dry matter, but surface-only produced a higher proportion of the dry matter as lint, resulting in no significant difference between these two treatments for lint yield, In 1991, unlike 1990, traffic reduced seed cotton yield c o m p a r e d w i t h n o -t r a f f i c , w i t h 2 3 0 1 v s . 2 6 0 7 k g s e e d cotton ha -1 for traffic and no-traffic, respectively. In this y e a r , s i g n i f i c a n t i n c r e a s e s w e r e o b s e r v e d i n b o t h l i n t and seed yield with the no-traffic treatment, with a similar t r e n d f o r t o t a l b i o m a s s ( T a b l e 2 ) , w h i l e a N r a t e x traffic interaction was observed for stalk and total biomass p r o d u c t i o n . R e g r e s s i o n a n a l y s e s o f t h e s e y i e l d c o m p o nents indicated a greater response to N application with the no-traffic treatment than-with traffic up to a rate of 1 2 0 k g N h a -1 ( T a b l e 4 , F i g . 4 ) , s u g g e s t i n g t h a t t h e fertilizer N requirement may be greater for cotton grown in soils compacted by traffic.
It is speculated that strip-till resulted in a positive plant r e s p o n s e ( d u e t o w a t e r c o n s e r v a t i o n w i t h t h e r e s i d u e mulch cover) resulting in better utilization of available N and thus an increase in seed production, while traffici n d u c e d s o i l c o m p a c t i o n p r o d u c e d a r e s t r i c t i o n o n N u p t a k e a n d t h u s a r e d u c t i o n i n s t a l k a n d d r y m a t t e r
production (but plant N redistribution resulted in no seed reduction). However, the poor correlations between yields and N application for tillage and traffic treatments (as indicated by low R 2 values, Table 4) indicate that factors o t h e r t h a n N a v a i l a b i l i t y c o n t r i b u t e d t o d i f f e r e n c e s i n the yield observed with these cotton production systems.
In addition, a nonsignificant trend for a traffic x tillage i n t e r a c t i o n w a s o b s e r v e d f o r s e v e r a l y i e l d c o m p o n e n t s . with P < 0.20 for seed cotton yield, P < 0.18 for s e e d , a n d P < 0 . 1 5 f o r t o t a l b i o m a s s . T h e i n t e r a c t i o n t r e n d w a s f o r t h e s t r i p -t i l l t r e a t m e n t t o w i t h s t a n d t h e e f f e c t s o f t r a f f i c b e t t e r t h a n s u r f a c e -t i l l e d t r e a t m e n t s ( c o m p l e t e , s u r f a c e -o n l y , a n d s u b s o i l ) .
Nitrogen Uptake
F e r t i l i z e r N a p p l i c a t i o n s i g n i f i c a n t l y i n c r e a s e d t o t a l plant N uptake in 1990 (Table 2) . with regression analyses Table 6 . Effect of tillage system † on yield components of cotton. 1991.
i n d i c a t i n g t h a t 1 3 5 k g N h a -1 application would result i n 8 5 . 9 k g p l a n t N h a -1 , c o m p a r e d w i t h 6 3 . 7 k g p l a n t N h a -1 f o r 0 k g N h a -1 a p p l i e d ( R 2 = 0 . 3 0 ) . H o w e v e r , t h e d r y g r o w i n g s e a s o n o f 1 9 9 0 r e s u l t e d i n e x t r e m e l y limited fertilizer N uptake by the cotton plants, with an a v e r a g e f e r t i l i z e r N u p t a k e o f 2 4 k g N h a -1 o r 2 7 % o f applied fertilizer for the 90 kg N ha -1 a p p l i c a t i o n r a t e ( 1 5 N data). In this year, most of the difference in plant N accumulation was observed in the stalks. The rate of fertilizer N application had very little effect on seed N c o n t e n t i n t h i s y e a r , w i t h o n l y t h e 1 3 5 k g N h a -1 r a t e having significantly higher N content in the seed (50 kg h a -1 ) c o m p a r e d w i t h n o f e r t i l i z e r N a p p l i c a t i o n ( 4 5 k g h a -1 ) .
In 1990, no significant tillage treatment effects were observed for N uptake by cotton plant components (Table  2) . Likewise, in this year, no significant tillage treatment effects were observed for fertilizer N uptake calculated b y 1 5 N a n a l y s i s ( T a b l e 7 ) . H o w e v e r , a n o n s i g n i f i c a n t trend (P < 0.102) was observed for strip-till to increase fertilizer N uptake in the seed compared with the other t i l l a g e t r e a t m e n t s ( T a b l e s 7 a n d 8 ) . T h e s e r e s u l t s a r e most likely a result of redistribution of N in the plant to provide adequate N for seed production. In addition, s i n c e n o d i f f e r e n c e i n t o t a l d r y m a t t e r w a s o b s e r v e d , these results indicate that even under very dry conditions, strip-tilled cotton better utilized fertilizer N. I n 1 9 9 0 , t r a f f i c h a d n o s i g n i f i c a n t e f f e c t o n e i t h e r fertilizer contribution ( 1 5 N d a t a ) o r t o t a l p l a n t N u p t a k e (Tables 2 and 7 . respectively). While no differences were o b s e r v e d f o r s t a l k f e r t i l i z e r N , a t r e n d ( P < 0 . 1 2 ) w a s observed for higher fertilizer in the seed in the no-traffic t r e a t m e n t , w i t h 1 2 . 6 a n d 1 3 . 6 k g h a -1 f e r t i l i z e r N i n the seed for traffic and no-traffic, respectively. I n 1 9 9 1 , h i g h e r r a i n f a l l d u r i n g t h e g r o w i n g s e a s o n resulted in a significant effect for N application on cotton s e e d , s t a l k , a n d t o t a l p l a n t N u p t a k e ( T a b l e 2 ) . I n a d d i t i o n , a t i l l a g e X N r a t e i n t e r a c t i o n w a s o b s e r v e d f o r total plant N and for seed N, but no significant difference i n s t a l k N u p t a k e w a s o b s e r v e d ( T a b l e 2 ) . I n t h i s y e a r , s t r i p -t i l l r e s u l t e d i n i n c r e a s e d s e e d a n d t o t a l p l a n t N uptake compared with the other tillage treatments. Unlike t h e y i e l d r e s p o n s e f o r s e e d a n d b i o m a s s , a s i g n i f i c a n t regression line was found for all of the tillage treatments for N uptake when regressed across N application rates (Table 4 ), indicating that reduced yield response observed in the subsoil and complete tillage treatments was not a r e s u l t o f N a v a i l a b i l i t y .
R e s u l t s f r o m t h e r e g r e s s i o n a n a l y s e s i n d i c a t e d t h a t p l a n t N u p t a k e w a s s i m i l a r a t t h e 0 k g N h a -1 r a t e f o r a l l t i l l a g e t r e a t m e n t s , b u t i n c r e a s e d w i t h m o r e N fertilization in strip-till than in the other tillage treatments ( F i g . 5 ) . S i m i l a r r e s u l t s w e r e o b s e r v e d f r o m f e r t i l i z e r N contribution ( 1 5 N data), with fertilizer N in the seed and total plant being significantly increased using strip-till than the other tillage treatments (Table 8 ). This indicated t h a t , e v e n t h o u g h h i g h e r N i m m o b i l i z a t i o n i s e x p e c t e d w i t h c o n s e r v a t i o n t i l l a g e ( K i t u r e t a l . , 1 9 8 4 ; R i c e a n d Smith, 1984) . the strip-till treatment with surface residues made better utilization of fertilizer N.
No-traffic resulted in increased levels of fertilizer N c o n t r i b u t i n g t o t o t a l p l a n t N u p t a k e i n 1 9 9 1 ( 1 5 N d a t a ) ( T a b l e 9 ) . I n t h i s y e a r , f e r t i l i z e r N u p t a k e w a s h i g h e r in both seed and stalk as a result of no-traffic. In addition, a significant traffic x N application rate interaction for total N uptake was observed, with similar trends in both seed and stalk (Table 2) . Regression analysis indicated t h a t t r a f f i c r e d u c e d N u p t a k e c o m p a r e d w i t h n o -t r a f f i c a t e v e r y N a p p l i c a t i o n r a t e , i n c l u d i n g t h e 0 k g N h a -1 r a t e ( T a b l e 4 , F i g . 6 ) . T h i s s u g g e s t s ( a s e v i d e n c e d i n p e n e t r o m e t e r d a t a , R a p e r e t a l . , 1 9 9 2 ) t h a t p h y s i c a l restraints on plant rooting were responsible for N uptake reductions in the traffic treatments. A significant traffic X tillage interaction occurred for cotton N uptake, similar to the trends observed for yield components of cotton ( Table 2 ). The detrimental effect of traffic on N uptake was much reduced in the strip-till t r e a t m e n t c o m p a r e d w i t h t h e o t h e r t i l l a g e t r e a t m e n t s ( T a b l e 1 0 ) , w i t h a p l a n t f e r t i l i z e r N u p t a k e e f f i c i e n c y i n t h e s t r i p -t i l l o f 2 8 . 4 % . c o m p a r e d w i t h 2 0 . 7 % f o r s u r f a c e -o n l y i n t h e t r a f f i c t r e a t m e n t ( c a l c u l a t e d f r o m 1 5 N i n p l a n t / 1 5 N a p p l i e d , T a b l e 8 ) . T h e s e r e s u l t s a r e consistent with penetrometer and soil bulk density data, indicating that soil strength measurements for strip-tillage plots were reduced compared with the other tillage treat ments (Raper et al., 1992) . This effect is most likely a result of both a reduction in the number of traffic trips needed for strip-till as well as an increase in the bearing capacity (Reeves et al., 1992) of soil when conservation tillage practices are used. This indicates that the detri mental effect of traffic on N efficiency may be reduced if conservation tillage practices are used on these sandy Coastal Plain soils. T o t a l N i n t h e t o p 1 5 c m o f s o i l w a s i n c r e a s e d i n t h e s t r i p -t i l l t r e a t m e n t c o m p a r e d w i t h t h e o t h e r t i l l a g e treatments in both years, with strip-till having 1714 kg N h a -1 i n 1 9 9 0 a n d 1 3 8 0 k g N h a -1 i n 1 9 9 1 , c o m p a r e d w i t h 1 3 4 2 k g N h a -1 i n 1 9 9 0 a n d 1 0 2 1 k g N h a -1 i n 1991 in the surface-only tillage treatment. This was most l i k e l y d u e t o h i g h e r l e v e l s o f N i m m o b i l i z a t i o n i n t h e s t r i p -t i l l p l o t s , a s c o m m o n l y r e p o r t e d f o r c o n s e r v a t i o n t i l l a g e p r a c t i c e s ( G i l l i a m a n d H o y t , 1 9 8 7 ) . While tillage and traffic treatments resulted in changes i n p l a n t a n d s o i l l e v e l s o f N , n o s i g n i f i c a n t d i f f e r e n c e was observed for fertilizer N remaining in the soil down to 90 cm or in total fertilizer N recovery (plant + soil fertilizer N, 1 5 N d a t a ) i n e i t h e r 1 9 9 0 o r 1 9 9 1 ( T a b l e 7 ) .
S i m i l a r r e s u l t s w e r e r e p o r t e d b y C a r t e r a n d R e n n i e ( 1 9 8 5 ) f o r s p r i n g w h e a t g r o w n i n a 1 5 N s t u d y . w i t h n o differences in fertilizer N recovery in the plant-soil sys tem due to tillage. In addition, while plant N uptake in b o t h s e e d a n d s t a l k w a s i n c r e a s e d w i t h i n c r e a s e d N a p p l i c a t i o n i n t h e w e t 1 9 9 1 y e a r c o m p a r e d w i t h 1 9 9 0 , o n l y m a r g i n a l i n c r e a s e s i n p l a n t N c o u l d b e a t t r i b u t e d to fertilizer N application at the 90 kg N ha -1 application r a t e ( 1 5 N d a t a , T a b l e 8 ) . T h i s i s a n i n d i c a t i o n t h a t m o s t of the yield and N uptake response to tillage and traffic was due to changes in native soil N and not to dynamics of N fertilizer application.
CONCLUSIONS
Results from this study indicate that the effect of tillage a n d t r a f f i c o n c o t t o n p r o d u c t i o n i s v a r i a b l e d e p e n d i n g o n t h e m o i s t u r e c o n d i t i o n d u r i n g t h e g r o w i n g s e a s o n . W h i l e n o -t r a f f i c r e d u c e d s e e d c o t t o n y i e l d u n d e r e x t r e m e l y d r y g r o w i n g c o n d i t i o n s , i t i n c r e a s e d N u p t a k e a n d s e e d c o t t o n y i e l d w h e n m o i s t u r e c o n d i t i o n s w e r e adequate. In addition, results indicate that the detrimental e f f e c t o f t r a f f i c o n p l a n t N u p t a k e e f f i c i e n c y m a y b e reduced with conservation tillage systems on sandy soils. The results from both fertilizer N rate application and 1 5 N d a t a i n d i c a t e d t h a t m o s t o f t h e N u p t a k e r e s p o n s e to tillage and traffic was due to changes in native soil N and not to the dynamics of fertilizer N. As a result. t h e s e d a t a i n d i c a t e t h a t h i g h e r f e r t i l i z e r N a p p l i c a t i o n rates may not be required for conservation tillage prac tices such as strip-till on Coastal Plain soils.
